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Drying Characteristics and Mathematical Model of Air-dried
Chestnut by Combined Solar Energy and Heat Pump

LIU Yingna' BIAN Yibo' GUO Xuexia® LIU Yu’ WANG Hai’
(1. College of Food Science and Technology, Hebei Agricultural University, Baoding 071000, China
2. Academy of Agricultural Planning and Engineering, Beijing 100125, China)

Abstract; In order to explore the drying characteristics of air-dried chestnut by combined solar energy
and heat pump during the drying process, using fresh chestnut and under the conditions of different
drying temperatures, airflow rates, loading capacities, the experiment on combined drying of solar energy
and heat pump was carried out for air-dried chestnut to study the effects of different drying factors on
drying rate and moisture content of dry basis. At the same time, six mathematical models were used to fit
the relationship between moisture ratio and drying time in the drying process of air-dried chestnut, and
the optimal model was determined. Besides, based on Fick’s second diffusion law, the effective moisture
diffusion coefficient of air-dried chestnut under different drying conditions was determined. The results
showed that the drying process of air-dried chestnut was controlled by adjusting stage and falling speed
drying stage, and the main drying process was falling drying stage. The drying rate of air-dried chestnut
was increased with the increase of temperature, the increase of airflow rate and the decrease of the loading
capacity. During the drying process, the experimentally observed effective moisture diffusion coefficient
values were increased from 3. 001 24 x 10 """ m*/s to 1. 147 53 x 10 ~* m*/s with the increase of drying
temperature and airflow rate, and the decrease of loading capacity. By fitting six mathematical models,

the results of comparing the values of the correlation coefficient R*, sum of squares of residuals and the
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chi-square (y’) showed that the Page model was the optimal model for describing air-dried chestnut by

combined solar energy and heat pump, as well as the predicted value fitted well with experimental value

obtained. The results would provide a technical basis for the application which was a combination of solar

energy and heat pump in air-dried chestnut drying.
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Tab.1 Mathematical models used to simulate drying

curve of air-dried chestnut
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Newton My =exp( —kt)
Two-term My =aexp( —kyt) +bexp( —k,t)
Logarithmic My =aexp( —kt) +c
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Verma et al My =aexp( —kt) + (1 —a)exp( —kyt)
Henderson and Pabis My =aexp( —kt)

B 2 5 15 B (9 K 2 AT AR Lk R A
M, T VA LG O ) 2 MO R 22 J7 AR T
(') Bete s RBUCR) T il BE it 18 05 B A
ALY 1 VT o D) S LA ey R BB AIR xRk 22 F
Ji A,
1.6 HREMIIE

D 58k R A TR ) A P AR X R T
R AT B A [A] M8 2% P 9 38 (B3 [T, 0k B e o Y
Y — 2 B EAT B, e AR PF R IR A 3 I P
I(EF S B 2R AT H A
L7 BRKGTHEEY

A ROK I I HER B D9 W MR K BE 1 14 4
B, X o A R K 20 9 B A B
4 H T 2o R 3 B B i I, BT LR Fick RO
i ok At 3R G R R, O7 B R R MR AR 3R WL XX
WKL 28 ] o fBBEAE i FAT A [ 19 00 46 7K 0 o3 A, R 4
AR 1R R AL

85 1. Dyt
MR_WZZ n p( 417 ) 4)
X D, ——HBKRDY HRE m/s
L— MR —2F ,m

Xt T B R SR T, AR O R AT R Ak S R
F14 56 — 0., T A 52 1) 000 1 5 2, B

—— 15T

1.05 ——20C

—

70 0.95 ——35C
££0.90
g 0.85
41 0.80
i 0.75
0.70
0.65

20 20 40 60 80
i fE]/h
(a)

100 120 140

2
8 Dt
M, :?exp( - 4L2/f ) (5)
P32 IO BB I S
8 w
lIlMR =ln?—me[/Z (6)

H(6) Ky InM, AHXE T ¢ £, o i R R AT 2k
PEILG ) ki B R] DU AR B A 0K 0 i
R E Bea(6) BIRERN b, WA BOK 34 BR
BT LR

k4L’
Dy=-—3 (7)

™

1.8 #IEAIE
K A Origin 8. 6 #E47 4 B FIAL R HL A, N
F SPSS 22. 0 o 4F g 47 B H 4347 .

2 HRE5WR

2.1 FREEXRKFHEET RSN

AR R L TR XU AR S B T il 2k AN AT 2a
7S o H A 2a AU XA S A 2 5 K SR BE I
T 14 S S B ARG A, v gL BRI, i £ T 2
FEIP R, 5 7 R P BN o 76— E 19 3t B2 i 1R 7Y
(15 ~35%C) , 4/ i M it B2 ml LU 4 o s, K
1 247 L A5 N i, o PR A 7 i BE Al S e 2 T A
B SAZ K o3 3R AT A R 2, DT K 0 P9 B4 R
K3 ZE SR, A8 A T R I 1) 4 R, L Y i R
(35°C) , 1 TR P 8 2 K o 52 B 32 1 7e 19 vh il
RIS 5 78 0, H A 5 B G I 8 PR A 1 2] 1) A 2
PG, R 7= i B SN I 5y 52 BN B A iy s B
SECH BT B HEAR AR (15°C) , BARIIE 1
b [ JBORE  (ET R R A T A . 255
I, B RE BRI A 4 XU S e 3 R B2

20 ~30C,
0.0351 15C
——20C
0.030 ——25C
o —v—30C
= 0.025F ——359C
&9
T 0.020f
PO
= 0.015
% 0.010
0.005

06 0.7 08 09 10 11
TFHAEKENg g™
(b)

2 TR RN T R AR Y R

Fig.2 Effects of drying temperatures on drying characteristics

R L X IR A S R AR A S e A P 2b P
7o MNIEL 2b AT UL L JSE AT PR 5 WORHAY TR R . A

()RR T Ay, Mg R PR, MR
TR o B R B A e TR SRR ™ A T



B

R TEM 25 KRR PR RE- PR BEA TR R S HeE BB T

513

R BB TR B Bz il . AR B B T RIS =
B AR A UL, B PR 4 I ] oy ok e o Bt
APRER i T BRI AR R A hUKE S PO
THT 7K 73 BR 3 A B [ I, A S E T s 5 BUH Tk
ARG, SIS T4 AR, RSk TR KR
WEARR, TR A< T4 T e, 0 A i B, T RE RS IH A
PSR — M AL o, XA AR S B e =S
B A, SIS R K 3l e B R e A R AR K
2 PR BT R bR, B T R 4k
S, n] e N A AR ST A R OK 23 28 R AE AR iR Bl ek
THT f14 2o e A oA R A L 8 i, S BT R R
Gt . HTHEHIKEM0.65 ¢/g BTl B Hix,
25 DAL R B A 22 S AN R 3R I I R PN i X
TR LT IO

TE B2 1o AR LA B K8 B Lk MR 5 L T BT A A R

it i BTSSR AT AR T, K B BE— P IR G T8 KT Al 5
R 5 3k i B2 Oy 25°C
2.2 FUR XU X R T AR SE T 4 4 1 B 2 i

ANTR] T XGE R KU A S A T £ A s 3a B
o HIFE 3a AT UL, R X A Sk B H AR & KA
—ER N, TEEXE R 1.0.2.0 3.0.4.0.5.0 m/s
INF A S 2 H AR K R P i I 1] 23 91 D 8472
60 .52 .48 h, fy i ] UL AR 555 3] T 4 28 ARy B ] B
A T AR TR T B A AR KU T AR
JRGITE 2l 38 88 T PR, A 75 7K 53 7% S 3 B bR, DTG 42 55
TR AH TR KU 5 (4.0 ~5. 0 m/s) AR
T 7K 73 78 R R, ol TR P R K o 2 T Ak
PURESCING , 5 7= i 1) S K 5 3% A R
AIT5 9 o 255 ke 4 2R o3 B, B S T R 0 3 R T R
K# A 1.0 ~3.0 m/s,

0.0351 —— 1.0 m/s
——2.0m/s
0.030F ——3.0 m/s
. —v—4.0 m/s
= 0.025 ——5.0 m/s
&
T 0.020
50
7\’; 0.015
il 0.010

06 07 08 0.9 1.0 11
FEEE K g5
(b)

B3 T XU T AR 1Y R

1.05¢ ——10m/s
——2.0m/s
100 ——30mis
095F —v—4.0 m/s
£ ——5.0m/s
% 090+
&8
i 085F
X 0.80f
4
075+
0.70F
0.65+
0‘60 1 1 1 ]
0 20 40 60 80 100
e [A)/h
(a)
Fig. 3

AR XL X XL Al SR T A R S i A 3b
Pizs o AN 3b al bl KA A SR BH R RS T
M I AR OR WL B S 1 R B B, UL %6 31 48 B B
28 S B B, 33K 15 T R AR T R R A0 A
PIaR B B, 2k S KRB, TR KO SR R, K o) 7R
S R PR, S BT R AR OO AR R L R R
TR RAE, Z 5 PR A B K I i) g i T, T A
RN TR B T HE KR —ER, T
A5 TR AR T R R T ) R T R 2 MR XU

1.05
1.00

0 20 40 60 8 100 120
i} fi)/h
(@)

[ 4

Effects of airflow rate on drying characteristics

1.0 m/s I, T J 2 A F 7 H A XU 25 40 7 19 T
U N SR

TE 2 1R B0 LA B K8 B Ak MR 5 L T BT A A A R
ity i S EOR AT T, KB BE- BRI 45 KT i 2
(1) 5 i 4 XE A 2. 0 m/s
2.3 FEHREXKNTFHRETREENR I

AN e A T KT AR S TR it 2 4a fi
/R0 HI P da AT DL 2 R X Mg A S i i 1 T A
PR, 2 BRI, T 3 S KR T R B

0.0351

——0.6kg

0.030f ——1.8kg
- ——3.0kg
% 0025 ——42kg
o —+—54kg
o 0.020
¥ 0015
365! X
f_ﬁ 0.010

0.005F

0.6 07 08 0.9 10 11
?%ﬁﬂ?lfl(g g

2 B R 1 R T

Fig.4 Effects of loading capacity on drying characteristics



514

Kok HLOB ¥ R

2020 4

L B T E AR T A R AL % %
0.6 ke I, B 16 % 36 b, T 45 4Rty 5.4 ke I
A5 I 84 h, e W14 R R , 7 75748 4 )b
FE 30T B B R B> — S R Y
LA HE B, 5 T A A Y R B
TR AR 3K ) FL R kBT 1 B (B
I M0 55 00 (0. 6 Kg) 55 th S 5% I A i 7253
RLFF 9 e, A0 9 5 14— 2 ] Ay
R b (5. 4 k) ot T TR A 3 K
S E AR S TR M EK A% . 54 %
AR 0 2 R A T AR S O R AR
1.8 ~4.2 kg,

SRR AT AR S 40 5 0 01 4
7R o DNFEL 4 BT L, T 6 2B 0 A
AR 5T KR Y0 S, T
B, BT RGN, TR LA K, T4
PR P AR B Rl 488 2 DT AR 85 2
AKAP IR, (LA — 2 H T M3 L A A6 1
T R 10, 303 ) 48 120 43 Bt
1 PO

e L A B R A2 7 L RRTE BT 2 %
S it B R BT K MR AR £ TR KT AR
19 3 4 4 3. 0 kg,
2.4 MEPEBHET
241 AT HEBCEBULIS 2 5

PR B A 2R ML 6 B B9 5 T
AESRANF 2 PR 2 TR TR R

BOEBUB TR A ) R HITE 0.99 1L 1, %01 6
K RT3 ] ) 3 XA R T A R K A2 A
BUAE, o Page 5 RIAG 25 Ji i 19 R*(0.998 61) \J;
IR x* (0. 000 17) 5% 22 5 J5 Al (0. 002 12) , P #]
Page FERY f) #0045 8 2 B ey, TR I e 87 72 Page #6471
Oy B8 AR KT M K B BE - AR T R R K
AR BIBEAL
%2 RFRETREFMBMGEIER
Tab.2 Statistical result of drying mathematical models

for air-dried chestnut
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Tab.3 Parameters statistical results of six models for combined solar energy and heat pump of air-dried chestnut
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Tab.4 Statistical results of effective moisture diffusion coefficient of air-dried chestnut drying by solar energy and heat pump
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2 20 2.0 3.0 0.926 74 -1.81532x107° 4.138 44 x10°'°
3 25 2.0 3.0 0.885 11 —-2.58226 x10°° 5.88685 x 1017
4 30 2.0 3.0 0.908 83 -3.15082 x 103 7.18301 x 101
5 35 2.0 3.0 0.941 58 ~3.69393 x10 3 8.42115x10°"
6 25 1.0 3.0 0.914 27 —-1.994 61 x10 ~° 4.54717 x10°1°
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13 25 2.0 5.4 0.956 98 -1.40562 x10 7> 3.20443 x10 "
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